INTRODUCTION
Lipases are hydrolases E.C.3.1.1.3 having both hydrolytic and synthetic activity. The hydrolytic reaction generally takes place at the oil-water interface 1 . They also possess the ability to catalyze several other types of biotransformations, such as esterification and transesterification 2 . One of the main problems of these biocatalysts is their instability under adverse conditions e.g., organic solutions, extremes of temperature, ionic strength, pH, and pressure which often makes the involved processes economically unfeasible. The cost of lipase production is also one of the main obstacles for industrial application of lipases. Immobilization of lipases decreases cost of production by their reusability, which is necessary to make them more attractive and potent for industrial applications 3 . Immobilized enzymes can often be used more advantageously than the corresponding free enzymes. With immobilized enzymes, the process can be run continuously because of the resulting stabilization of enzymes when subjected to high temperature, pH, and inhibitor concentration 4 . Immobilized lipases offer economic benefits due to enhanced thermal and chemical stability, ease of handling, recovery and reuse as compared to free enzyme 5 . Techniques for immobilization have been broadly classified into four categories, namely adsorption, covalent binding, entrapment and microencapsulation. Inorganic materials have been successfully used for the immobilization of enzymes 6 . The use of inexpensive inorganic materials such as silica gel and diatomaceous earth has been proposed as an alternative to the expensive organic supports 7 . For the efficient immobilization of enzymes to increase operational stability, covalent attachments to activated supports have been frequently used for enzyme immobilization 8 . The process of silanization is used to activate supports and subsequent covalent binding of an enzyme to the matrix by using a coupling reagent, e.g., glutaraldehyde, is a common method used for immobilization 9 . Silica gel is an amorphous inorganic polymer composed of siloxane groups Si-O-Si in the inward region and silanol groups Si-OH distributed on its surface 10 . Chemical modifications of silica are possible due to the presence of the deposed silanol groups in its surface. Surface modifications are usually achieved with silanization using appropriate organosilane agents 11 . Glutaraldehyde has been used as a cross linker for immobilization of enzymes in which the amino groups of a protein is expected to form a Schiff base with the glutaraldehyde 12 .
Abstract: In the present study, the commercial lipase from Himedia, Mumbai was immobilized on silica gel matrix in the presence of a cross-linking agent, glutaraldehyde. The silica immobilized lipase exposed to 2% glutaraldehyde showed 94.28% binding efficiency. The activities of the free and immobilized enzymes were investigated in the hydrolysis reaction of p-nitrophenyl palmitate. 
Immobilization of commercial lipase on silica 60-150
The silica gel matrix 60-150 mesh was washed with 0.1 M Tris buffer pH 7.0 and then centrifuged at 10,000 rpm at 4 for 10 min. The supernatant was discarded and pellet was washed 4-5 times with Tris buffer. The matrix was then kept at 4 overnight in Tris buffer. Then 1-5 glutaraldehyde cross linking agent solution was added to the matrix and kept at 35 under shaking conditions for different time periods. The matrix was washed 3-4 times with Tris buffer pH 7.0 to remove unbound glutaraldehyde. The commercial lipase was then incubated with the matrix for 1 h under shaking condition. The supernatant was discarded.
Enzyme assay
The activity of free and silica immobilized was measured by a colorimetric method 13 . The reaction mixture contained 60 μL of p-nitrophenyl palmitate p-NPP stock solution 20 mM p-NPP prepared in isopropyl alcohol , 40 μL lipase and Tris buffer 0.1 M, pH 8 to make final volume to 3 mL. The reaction mixture was incubated at 35 for 10 min in a water bath. Keeping the reaction mixture at 20 for 10 min stopped the reaction. The absorbance of pnitrophenol released was measured at A 410 . The enzyme activity was defined as the micromoles of p-nitrophenol released per minute by the hydrolysis of p-NPP by 1 mL of soluble enzyme or 1 mg of silica immobilized enzyme weight of matrix included under standard assay conditions.The protein was assayed by a standard method 14 .
Hydrolytic properties of silica immobilized lipase
Free and silica bound-lipase was studied to evaluate the effects of reaction temperature, reaction time, pH, and specificity of the immobilized lipase toward the hydrolysis of p-nitrophenyl esters with various C-chain lengths, effect of metal ions, thermo-stability and reusability.
2.5 Effect of the reaction temperature on free and immobilized lipase To determine the optimum temperature for free and lipase immobilized on silica matrix, the support bound enzyme was assayed in 0.1 M Tris HCl buffer pH 7.5 at pre-selected temperatures 30 , 35 , 40 , 45 , 50 and 55 .
2.6 Effect of the reaction time on free and immobilized lipase To determine the optimum incubation time for free and lipase immobilized on silica matrix, the support bound enzyme was assayed in 0.1 M Tris HCl buffer pH 7.5 at preselected incubation time 5-25 minutes .
Effect of pH on free and immobilized lipase
Effect of pH on catalytic potential of free and immobilized lipase was assayed by incubating immobilized lipase in Tris buffer 0.1 M adjusted at pH 7.0, 7.5, 8.0, 8.5 and 9.0. The lipase activity was assayed at 40 after 10 min of incubation.
2.8 Effect of C-chain length of acyl ester substrate on free and immobilized lipase Substrate specificity of the lipase was investigated by using stock s of p-nitrophenyl fatty acid esters of varying chain length p-NPA, p-NPF, and p-NPP and structure p-NPB prepared in iso-propanol 20 mM and the lipase activity was assayed under standard conditions. The immobilized lipase 40 mg was reacted with each of these substrates prepared in 0.1 M Tris buffer pH 8.0 for 15 min at 40 under shaking 150 rpm . Thereafter, the lipase activity was assayed and relative activities at each of the selected pH were calculated. 
Thermo-stability of free and immobilized lipase
The thermo-stability of immobilized enzyme and free enzyme of same specific activity was studied by incubating at 40 , 45 , 50 , 55 and 60 for 2 hrs in water bath shaker. The residual activity thereafter was taken.
Reusability of immobilized lipase
The immobilized lipase 40 mg was used repetitively up to 6 th cycle of hydrolysis at 40 under shaking. After 1 st cycle of reaction, the biocatalyst was recovered by centrifuging and decanting the reaction mixture and this biocatalyst was used to catalyze the fresh reaction.
RESULTS AND DISCUSSION

Immobilization of lipase on silica matrix
In the present study, the commercial lipase from Himedia, Mumbai, India was immobilized by adsorption on glutaraldehyde activated silica gel. Enzyme gave maximum binding efficiency 94.28 on silica matrix when cross linked with 2 of glutaraldehyde. In a previous study the binding efficiency of 86.4 was observed when lipase was immobilized on mica as a support 15 . Previously, the binding efficiency of 70 was observed when lipase from Bacillus coagulans was immobilized on nylon-6 16 and 64 when same enzyme was immobilized on polyethylene support 17 .
In the present study there was a comparative increase in binding efficiency in relation to previous work.
Effect of the reaction temperature on free and immobilized lipase
A gradual increase in the activity of free and immobilized lipase was observed when temperature was increased from 30 to 40 . Temperature of 40 was the optimum temperature for both free and immobilized enzyme. A further increase in the temperature resulted in the marked decrease in the activity Fig. 1 . A rise in temperature increases the activity of the enzyme because at higher temperature both substrate and enzymes have more kinetic energy. Substrates with higher energy combine with enzyme to overcome its activation energy. But at very high temperature enzymes molecules become denatured so activity decreases. If the enzyme is immobilized on a suitable support, thermal stability is usually improved. Previously the optimum temperature of 55 was found to be best for both free and nylon 6-immobilized lipase from Bacillus coagulans BTS-3 16 18 . In a recent study, the optimum temperature for free lipase from Candida rugosa was 35 but when enzyme was immobilized onto phenylalanine by adsorption, optimum temperature increased to 45 19 . Ren et al., 2011 found that the relative activity of free lipase dropped significantly above 40 and decreased to just 26.5 of the initial activity at 60 20 . In comparison, lipase immobilized on polydopamine coated magnetic nanoparticles PD-MNPs retained 59.3 of activity at 60 .
3.3 Effect of the reaction time on free and immobilized lipase Both free and immobilized enzyme showed maximum activity after 10 min of incubation Table 1 . Further increase in incubation time led to decrease in the activity of both free and immobilized lipase. Previously using p-NPP as a substrate maximum lipase activity of Bacillus coagulans BTS-3 free was obtained after 10 min of incubation at 55 18 . The hydrolytic activity of free and glass bead or 
Effect of buffer pH on the activity of free and immobilized lipase
The tertiary structure of a protein depends on interactions such as hydrogen bonding between R groups. A change in pH can alter the ionization of these side chains and disrupt the native conformation and in some cases denature the enzyme. Thus change in pH can increase or decrease the activity of enzymes. As the pH of buffer increased from 7.0 to 8.0, a gradual increase in the activity of immobilized and free enzyme was observed Fig. 2 . Immobilized lipase showed the same optimum pH 8.0 as free lipase. There was a shift in a pH at 8.5 and 9, when enzyme was immobilized onto support, hence, broadening the functioning range of pH of immobilized enzyme. This result indicated that the catalytic performance of lipase was affected by the immobilization method, and immobilization method protected the enzyme activity. A similar phenomenon has been reported previously 22 . Where a lipase from Candida rugosa immobilized on chitosan beads exhibited better pH stability as compared to soluble lipase 23 .
3.5 Effect of C-Chain length of acyl ester substrate on immobilized lipase Both free and immobilized enzyme showed maximum activity with higher C-length ester p-NPP as substrate. With p-NPA and other small chain esters, activity of free as well as immobilized lipase was less Fig. 3 . This is because lipases have a large acyl binding pocket which optimally fits to the large acyl moiety of their substrates. Thus the binding of small chain esters would leave free space leading to sub-optimal binding of substrates. Previously, it was found that lipase from psychrotrophic Pseudomonas cepacia immobilized on a commercially available silica support showed a higher activity with p-NPA and very low with p-NPP 24 which is opposite to our study. The substrate specificity of nylon 6-immobilized lipase revealed more efficient hydrolysis of higher carbon length C-16 ester i.e. p-NPP than other ones 16 . Also, immobilized lipase from
Bacillus coagulans BTS-1 was more hydrolytic to a medium C-length ester than shorter or longer C-length esters 24 . ITP-001 showed higher hydrolytic activity or relative activity 29 .
Effect of metal ions on free and immobilized lipase
Fig. 2
Effect of pH on the hydrolytic activity of free and silica immobilized lipase using p-NPP as substrate. Fig. 3 Effect of hydrolysis on carbon chain of various lengths by free and silica immobilized lipase preparations at 40℃.
3.7 Determination of K m and V max of free and immobilized lipase Using a Lineweaver-Burke curve, the K m for free and immobilized lipase was found to be 0.13 and 0.349 mM respectively whereas V max of free and immobilized lipase was 5.08 μmole/min/mL and 10.38 μmole/min/mg respectively. The V max value exhibited by immobilized lipase was found to be higher than that of free lipase. The K m value for free lipase 0.13 mM indicated almost more affinity towards substrate as compared to silica immobilized lipase 3.8 Thermo-stability of free and silica immobilized lipase The immobilized enzyme showed almost 70 relative activities when kept for 2 hrs at 55 while relative activity decreased at higher temperatures Fig. 6 . This might be due to the disturbance of globular structure of the protein by heat, which caused protein unfolding and led to loss of enzymatic activity. Previously the kinetics of thermal stability at three temperatures 37 , 50 and 75 revealed that the immobilization resulted an appreciable stabilization of the lipase from Candida rugosa, changing its thermal deactivation profile 32 . The thermo-stability of lipase immobilized on molecular sieve at temperatures 45 , 50 , 55 , 60 , 65 and 70 in shaking water bath incubator for 2 hrs showed almost 88 residual activity at 55 31 .
Reusability of immobilized lipase
The residual enzyme activity of the lipase immobilized on silica was calculated after every cycle to find out the leaching and inactivation of immobilized lipase. Immobilized lipase preparation retained almost 52 activity after 5th cycle Table 2 . The rate of conversion of acetic acid and 4-nitrophenol to 4-nitrophenyl acetate was found to be 58.5 after fifth cycle using molecular sieve immobilized Bacillus coagulans lipase 31 . In a previous study, lipase from Pseudomonas aeroginosa immobilized on eupergit C supports retained 30 of its original activity after five cycles of reuse for esterification 32 . Fig. 4 Effect of metal ions on the hydrolytic activity of free and silica immobilized lipase. 
CONCLUSION
This study was carried out to compare the hydrolytic properties of free and silica immobilized lipase. Both the free and immobilized lipase resulted similar biochemical properties and were found to be specific for higher chain fatty acids i.e p-NPP. There was an increase in thermal stability of silica immobilized enzyme as compared to the free enzyme. The immobilization on silica cross linked with glutaraldehyde seems to play an important role in the tight binding and stabilization of the enzymatic protein conformation and its resistance to pH and thermal denaturation. Immobilized lipase showed a promising future for enzyme catalysis in biotechnology as it allows easy immobilization of enzyme through a simple and inexpensive process and its reusability.
